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ABSTRACT

Al,Ga; N sample with x=0.36 was epitaxially grown on sapphire by MOCVD.
SAW velocity of 5420 m/s and TCF (temperature coefficient of frequency) of -51.20
ppm/C were measured from the SAW devices fabricated on the Al,Ga,,N sample,
when kh value was 0.078, at temperatures between —30 C and 60 C. Electro-
mechanical coupling coefficient was ranged from 1.26 % to 2.22 %. The fabricated
SAW filter have shown a good device performance with insertion loss of -33.853 dB
and side lobe attenuation of 20 dB.

INTRODUCTION

AIN, GaN, and their alloys are important piezoelectric II-V semiconductors
suitable for optoelectric devices as well as blue/green light emitters and surface acoustic
wave (SAW) applications [1,2]. Especially AIN is a promising materials for SAW
devices because its high SAW velocity which qualifies it for GHz-band applications.
Devices working at 2 GHz have already been built [3]. The respective SAW velocities
of GaN and AIN are 4800 m/s and 5700 m/s [4]. Theoretical SAW velocity of AlyGa, N
is therefore expected to be between these values by varying from x = 0 to x = 1, which
indicates that the operating frequency of the SAW can be controllable by simply
changing Al-mole fraction.

EXPERIMENTS

The Al,Ga; N with x=0.36 piezoelectric thin film was grown on sapphire
substrate using MOCVD at 1035 C with TMAI flow rate of 40 umol/min, Hy/ NH;
flow of 4/4 slpm, and growth pressure of 50 torr. Prior to the epitaxial Al«Ga;..N growth,
180 A thick GaN initial buffer layer was grown at 550 C with TMGa flow rate of 30
numol/min. The surface morphology and crystallinity of the AlyGa,«N thin films were
characterized using SEM (scanning electron microscopy) and X-ray rocking curve. To
estimate the characteristic parameters, SAW filters with unapodized interdigital
transduscer/AlyGa, (N/sapphire structure were used.
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Figure 1. (a) IDT pattern (b) schematic diagram of the cross-section of fabricated
AlGa, N SAW filter.

The electrode wavelength of the SAW filter was 20, 40, 60 (m. Al electrodes with
thickness of 200 nm were evaporated. The patterning of the electrodes for the SAW IDT
was performed by a conventional lift-off process. The respective schematic IDT pattern
and the cross-section of the devices are shown in Figure 1 (a) and (b), respectively. The
detailed specification is summarized Table I. The frequency response of the SAW
filters was measured using a HP 8753C network analyzer. SAW velocities were
calculated by estimating center frequency from the measured S;i. Electromechanical
coupling coefficient k> were also calculated from conductance from the measured Sy
and the crossed-field equivalent model [5] as in equation (1) and (2).

k*= (1/8N*f)(Go/Cs) ()

k*= (w/AN)(Go/Bo) @
Here, N is IDT electrode finger pair number, and f. is the center frequency. Gy, C,and
By are the radiation conductance, capacitance and susccptance of center frequency

response [3,6].

Table I . SAW IDT pattern specifications.

Wavelength(A) 20,40,60 (m
Aperture(W) 1800 m

IDT finger pairs 160,82,54 pairs

IDT center to center spaces(L) | 3650,4100,5000,6800 ¢m
Metallization ratio(a/b) 0.5
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RESULTS AND DISCUSSIONS

Analysis of AlL,Ga; N thin film

Smooth surface was of the Aly3sGaoesN is evident in SEM image in Figure 2. A
smooth morphology is important to reduce propagation loss of the SAW filter at high
frequency. Figure 3 shows X-ray rocking curve of the film with full width at half
maximum of 536,76 arcsec, which is reasonable value for Al,Ga,xN with such a with

Al mole fraction[7].
Characteristics of surface acoustic wave

Fabricated SAW filter has the input and output IDTs with 82 split-electrode finger-
pairs with wavelength ranger of 20 ~ 60 ¢m. Figure 4 show frequency response of
AlLGa N SAW filter with wavelength 60 (m. The center frequency is 90.336 MHz,
bandwidth is 1.12MHz, and Q factor is 81.236. Insertion loss is ~33.853 dB and side
lobe attenuation is 22 dB. Figure 5 shows SAW velocity as a function of kh (k = 2n/A, h
is the thickness of Al,Ga;,N thin film) value, which was calculated from center
frequency. That was decreased from 5510 to 5100 m/s as kh was increased from 0.0628
to 0.167. This is because, as kh value increase, the wave, which travels along the surface
of the AL,Ga;4N thin film with slower velocity than that of the sapphire substrate,
becomes dominant [3,4,8].
And Electro-mechanical coupling coefficient was ranged from 1.26 % to 2.22 %.
The temperature coefficient of frequency (TCF) of Al:Ga;..N SAW filter was
measured in the temperature range between ~30 C and 60 C. The measured TCF was

-51.20 ppm/C.
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Figure 2. Al\Ga;..N thin film SEM Figure 3. X-ray rocking curve pattern of
AlLGay.,N thin film.
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Figure 4. Frequency response characteristics of fabricated Al.Ga; N SAW filter with

wavelength of 60 (m. (a)Wide frequency scan including fundamental and harmonic

mode and (b) narrow frequency scan mode.

Figure 6 shows insertion loss as function of input-to-output IDT space width.

The value of propagation velocity, k% and TCF for ALGa,,N SAW filter were
summarized in Table II and they compared to those obtained from other SAW
materials[9,10,11]. The propagation velocity and TCF of Al,Ga, N SAW filter have
lower value than AIN SAW filter and higher value than undoped GaN SAW filter. It
seems that the propagation velocity and TCF in ALGa,.\N SAW filter was able to be
controlled by Al mole fraction [12].

CONCLUSION

MOCVD grown AlyGa, 4N thin film were grow and investigated for the possible
use in high frequency SAW application. Electro-mechanical coupling coefficient k? are
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Figure 5. SAW velocity as function of Figure 6. Insertion loss as function of
kh value. IDT space length.
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Table II. Properties of piezoelectric substrates for SAW filter. All values were cited
from {1,10,11,12].(* : measured value in this work)

subrate Propagation K2 (%) TCF
Velocity (m/s) (pm/C)
Quartz (ST-X) 3158 0.14 0
LiNbO3 (128° Y-X) 3992 53 -75
LiNbO3 (Y-Z) 3488 4.5 -94
LiTaO3 (X-112°Y) 3288 0.6 -18
AIN film 5750-5765 0.15-0.8 -55-63
ZnO film(c-axis) 2600 06-19 -25
Undoped GaN film 4900-5500+* 0.2 -4.7% -60.8%
Alp36Gag esN film 5510-5100* 1.26 - 2.22x -51.20%
Mg-doped GaN film 5806 4.3% -18.3+%

from 1.26 % to 2.22 % with changing kh values. Due to its high SAW velocity (larger
than 5000 m/s) and the low temperature coefficient of frequency (less than —60 ppm/C),
the SAW filters fabricated on the epitaxial Al,Ga;..N thin film would have a strong
potential for GHz band applications.
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